Specifics of Flushing in Electrical Discharge Drilling  by Munz, M. et al.
 Procedia CIRP  6 ( 2013 )  83 – 88 
2212-8271 © 2013 The Authors. Published by Elsevier B.V.
Selection and/or peer-review under responsibility of Professor Bert Lauwers
doi: 10.1016/j.procir.2013.03.024 
 
 
The Seventeenth CIRP Conference on Electro Physical and Chemical Machining (ISEM) 
Specifics of flushing in electrical discharge drilling 
M. Munz*, M. Risto, R. Haas 
Karlsruhe University of Applied Sciences, Institute of Materials and Processes (IMP), Moltkestrasse 30, Karlsruhe, 76133, Germany 
* Corresponding author. Tel.: +49 721 925 1848; fax: +49 721 925 2348 .E-mail address: markus.munz@hs-karlsruhe.de . 
Abstract 
Flushing in electrical discharge machining is essential to obtain high quality results and a good productivity. The flushing 
conditions in electrical discharge drilling are unique compared to sinking and cutting operations due to high flushing pressures. 
High flushing pressures lead to high dielectric flow rates in the narrow gap between the tool electrode and the work piece. It was 
found out, that to much flushing results in negative process behaviour and reduces the drilling speed. However, based on the 
electrical energy supplied to the gap there is an optimal dielectric flow rate to achieve a high drilling speed. Furthermore it was 
found out that there is a direct link between removal mechanism and the dielectric flow rate. Multi pulse experiments were carried 
out to investigate the influence of flushing on drilling speed, removal mechanism and process behaviour. 
 
© 2013 The Authors. Published by Elsevier B.V. Selection and/or peer-review under responsibility of Professor Bert Lauwers  
Keywords: electrical discharge drilling, flushing, flow rate 
1. Introduction 
Electrical Discharge Drilling (EDD) is besides 
sinking and wire cutting the most common electrical 
discharge machining (EDM) process used in industrial 
applications. However the first successful application of 
EDD in the 1940s led to high increase of productivity in 
machining of injector nozzles [1] the process is still 
considered as an underdog in machining processes. 
Electrical discharge drilling is mostly used to drill start 
holes in advance of the wire cutting process although it 
is possible to drill holes with a depth of 1,000 mm and a 
diameter of just 1 mm [2]. Compared to the sinking 
process, EDD achieves quiet high feed rates so it is also 
called high speed drilling or fast hole drilling [3, 4]. On 
the machine side EDD is mostly related to the sinking 
machines, but following differences make these 
machines special: 
• High pressure pumps for dielectric flushing up to 25 
MPa. 
• No difference in roughing and finishing processes. 
• Only tube electrodes with inner flushing and 
diameters from 0.3 mm to 3 mm. 
• The workpiece is rarely immersed in the 
dielectric fluid. 
The use of high pressure pumps is the main difference 
to the sinking process which leads to high flushing 
speeds in the narrow gap between the workpiece and the 
tool electrode.  
The removal mechanism in EDM is based on the 
transformation of electrical energy into thermal energy 
which lead to a vaporisation and melting of the 
workpiece and the tool material during the discharge 
process. To avoid process instability or high electrode 
wear, the narrow gap has to be flushed by the dielectric 
fluid [5, 6, 7, 8]. Guitrau [9] defines the use of the 
dielectric flushing as follows: 
 
“The key to successful EDMing is flushing, flushing, 
and flushing.” 
 
Flushing is essential for every EDM process. The 
flushing conditions in EDD lead to specifics such as 
high flow speeds and a rising pressure in the narrow gap 
[10]. An increase of gap flushing could also result in 
negative process behaviour when the gap contamination 
becomes to low leading to inappropriate ignition 
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conditions and these results in a small gap width. A too 
small gap width could lead to process instabilities. 
Lee et al. [11] reported about the possibility, that a 
strong flushing could “flush away” the plasma channel. 
They varied the flushing pressure within 0.02 MPa and 
0.05 MPa. However they could not proof that the plasma 
channel was flushed away due to high flushing. 
Li et al. [12] investigated a rising discharge voltage 
due to an elongation of the plasma channel based on 
high flow rates in the narrow gap. The plasma channel 
could simplify regarded as a flexible conductor. A 
change in length will result in a change of resistance and 
a change in discharge voltage [13].   
Flushing experiments in EDD are hardly investigated. 
Yan et al. [14] varied the flushing pressure up to 0.03 
MPa and they found an increasing removal rate with 
increasing pressure. Wang et al. [15] investigated the 
influence of flushing pressure within the range of 0.02 
MPa and 0.06 MPa and they rarely found an effect of the 
flushing pressure. Li et al. [16] who were using a 
bunched electrode for their experiments found an 
increasing removal rate with increasing flow rate. At 
flow speeds above 0.34 m/s a decrease in removal was 
obtained which is believed due to reduced discharges 
based on less contamination. 
The goal of the present work is to investigate the 
influence of flow rate in EDD on feed rate, electrode 
wear, surface parameters and process behaviour. Special 
focus will be put on the fundamental removal 
mechanism to investigate, whether the flow rate 
influences the removal process respectively supports in a 
direct way. Kunieda [18] stated that the dielectric’s 
function is to flush away debris and to cool the 
electrode. A direct support in removal of molten material 
is not believed. 
2.  Experimental Procedure 
The experiments were carried out on the electrical 
discharge drilling machine SLPR 620-1200 from the 
company bes Funkenerosion GmbH in Germany. A high 
pressure pump delivers flushing pressures up to 25 MPa. 
A special characteristic is the use of a controlled flow 
rate within the experimental setup. The flow rate is 
measured with a sensor. A software receives the data 
from the sensor and controls a valve, which is located 
behind the sensor to control the flow rate. So it is 
possible to guarantee a constant flow rate in every 
experiment. Furthermore the control devices overcome 
the problem of changing flushing conditions due to 
shortening electrode length or increasing drilling depth, 
while both influence the flow rate if a constant flushing 
pressure is applied. Fig. 1 gives an overview of the 
experimental setup. 
 
 
Fig. 1: Experimental setup 
The PC is also processing the gap data from the 
drilling machine. The gap data delivers information 
about the occurring impulses like short circuits, open 
voltages and effective impulses which can be classified 
by their voltage curves. 
The water based dielectric fluid IonoVit S from 
oelheld GmbH with an electrical conductivity of 1,400 
μS/cm was used for all experiments as well as a brass 
(CuZn37) electrode with an outer diameter of 2 mm. The 
electrode has a small balk in the middle of the cross 
section. As work piece material a tool steel 
(X153CrMoV12-1) was used. 
All experiments were carried out with an electrode 
rotation of 500 1/min and a negative electrode polarity. 
Even though the machine has the option to immerse the 
workpiece, the workpiece was not immersed during the 
experiments. 
To overcome a falsification of the results due to 
different frequency ratios, the values for the feed rate 
and for the electrode wear were adjusted with the 
measured frequency ratio of the corresponding 
experiment. The resulting value for the feed rate and the 
electrode wear is a theoretical value which could be 
observed, if every impulse is an effective impulse.  
Furthermore the experiments are carried out using 
different discharge energies to observe whether there is 
an interaction between discharge energy and flow rate. 
The used technological data is presented in table 1. 
Table 1: Technological data for the experiments 
Technological data: 
Adjustment ie [A] te [μs] τ [-] We [mJ] 
Tech. 1 16 30 0.8 8.5 
Tech. 2 25 144 0.8 68.4 
Tech. 3 35 177 0.8 129.2 
Tech. 4 50 200 0.8 190.0 
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In table 1, ie defines the discharge current, te the 
discharge duration, τ the duty factor and We the 
resulting discharge energy, which is defined as follows 
[17]: 
 
   (1) 
 
 
The discharge voltage ue could not be varied at the 
machine while this value depends on the dielectric fluid 
and the used materials. 
3. Experimental Results 
Fig. 2 shows the influence of flow rate on the 
theoretical feed rate over all four discharge energies. 
 
 
Fig. 2: Feed rate as a function of the flow rate 
Independent of the discharge energy an increase of 
the feed rate with increasing flow rate could be 
observed. As already reported by Li et al. [16] at a 
specific flow rate a decrease in feed rate occurs. As the 
value for the feed rate is already adjusted with the 
frequency ratio, the drop in feed rate is not based on less 
effective impulses. Fig. 2 shows that the maximum feed 
rate is moving towards higher flow rates at higher 
discharge energies. An optimal flow rate as a function of 
the discharge energy is found (f(q opt.)) and pictured in 
the chart. Regarding to the experimental setup, the 
optimal flow rate can given as: 
 
                    (2)
  
With We in mJ and qopt. in l/h it is a linear function to 
determine the optimal flow rate. 
To get an idea what happens at the point the drop in 
feed rate occurs, the voltage curves and current curves 
were analyzed via scope and they are presented in Fig. 3. 
The used generator works as a current source, so the 
voltage curves could indicate plasma channel behaviour.  
The voltage curves are highlighted by a circle and it 
can be seen, that with increasing flow rate the voltage 
curves shapes from a shallow discharge voltage at small 
flow rates (5 l/h to 15 l/h) to an oscillating behaviour at 
high flow rates.  
The experiments were carried out with the Tech. 3 
adjustment from table 1. Regarding Fig. 2, the optimal 
flow rate is between 15 l/h and 20 l/h. An oscillating 
behaviour of the discharge voltage can be seen at a flow 
rate of 20 l/h in Fig. 3. Furthermore it can be seen, that 
the delay times of the impulse reduce with increasing 
flow rate and at high flow rates (≥ 20 l/h) almost no 
delay time could be observed.  
 
 
Fig. 3: Voltage curves are influenced by the flow rate 
The electrode wear as a function of the flow rate is 
shown in Fig. 4. With increasing flow rate the electrode 
wear can be reduced over all discharge energies. 
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Fig. 4: Electrode wear as a function of the flow rate 
To investigate whether the strong flushing influence 
the removal mechanism, the workpiece was prepared 
and the micro-section from the experiments with Tech. 3 
is shown in Fig. 5. It can be seen, that the lateral 
topography is hardly influenced by the flow rate. The 
frontal topography however is influenced by the flow 
rate. Up to a flow rate of 15 l/h some discharge craters 
on the surface could be observed while at higher flow 
rates it is hardly possible to identify these craters. The 
surface looks more uniform as with low flow rates. 
These images indicate that the flow rate directly 
influences the removal mechanism in that way, the 
molten material is removed from the heat affected area. 
 
 
Fig. 5: Frontal and lateral surface topography as a function of the flow 
rate (Tech. 3) 
A further experiment with the Tech. 3 was carried 
out, however with a quiet small drilling depth. The goal 
was to investigate re-solidified material on the surface. 
Therefore the prepared workpiece was polished and a 
chemical etching procedure was carried out. The micro-
section is shown in Fig. 6. The brighter areas at the 
pictures indicate the re-solidified material. Three 
sections were investigated, the hole bottom, the 
intersection between the bottom and the lateral gap and 
the edge of the hole. It can be seen, that with increasing 
flow rate less re-solidified material can be found on the 
hole bottom and more material at the edge of the drilled 
hole. 
 
 
Fig. 6: Re-solidified material at different flow rates (Tech. 3) 
A closer look at the re-solidified material indicates 
the flow direction. It is assumed, that the strong flushing 
pushes the still liquefied material radially away from the 
middle of the hole towards the lateral gap. If the flow 
rate is high enough, molten material is even pushed 
outside the hole and re-solidifies at the edge and forms a 
small bulge. 
The mean roughness index Ra and the roughness 
depth Rz are shown in Fig. 7 which are machined with 
the Tech. 3 from table 1.  
Mean roughness index and also the roughness depth 
are hardly influenced by the flow rate. With higher flow 
rates both values increase slightly. 
 
 
Fig. 7: Surface properties at different flow rates (Tech. 3) 
4. Discussion 
The influence of the flow rate in electrical discharge 
drilling (EDD) was observed. For the first time a 
controlled flow rate was the basis for EDD experiments. 
A flow rate between 5 l/h and 25 l/h was applied. 
Therefore a high pressure pump was necessary to fulfil 
the flow rates.  
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To investigate any interaction of the flow rate with 
other technological data, four different discharge 
energies were applied within the experiments. 
It was found out, that with increasing flow rate an 
increasing feed rate could achieved. However there is a 
maximum of feed rate for every discharge energy 
applied, and above this maximum a drop in feed rate was 
observed when the flow rate was further increased.  
A higher feed rate at higher flow rates is achieved due 
to better decontamination of the narrow gap. Debris and 
gas bubbles are flushed away immediately resulting in a 
better process behaviour. It is assumed that with an 
optimal flow rate a nearly constant gap width is 
achieved, minimizing short circuits, arcing and open 
voltages. 
The analysis of the current curves and the voltage 
curves indicates an influence of the plasma channel 
during the discharge by the flow rate. At low flow rates 
(< 20 l/h) a smooth discharge voltage was observed 
which indicates a normal discharge. Above that flow rate 
an oscillating discharge voltage was observed. It is 
assumed that the plasma channel, which behaves like a 
flexible conductor, is influenced by the flow rate in that 
way that the channel is elongated during the discharge. 
The flow rate leads to a hydraulic force which pushes the 
plasma channel in the flow direction. A computational 
fluid dynamics (CFD) simulation was carried out to 
investigate the occurring flow speeds in the narrow gap, 
especially on the tool surface and the workpiece surface. 
For the experiments with the Tech. 3 the difference in 
flow speed at tool surface and workpiece surface was 
calculated to 70 m/s. Close to the workpiece surface a 
maximum flow speed of roughly 60 m/s was calculated 
where a back flow on the tool surface was found. Based 
on the CFD simulation it is assumed that the plasma 
channel is not loaded uniformly by the hydraulic forces. 
The area of the plasma channel near the workpiece 
surface has to face a higher force as the area close to the 
tool surface. It is assumed furthermore that the plasma 
channel is moved by the hydraulic force on the work 
piece surface in the flow direction and is fixed on the 
tool surface. An elongation occurs which changes the 
electrical conductivity of the plasma channel resulting in 
a change of discharge voltage (Fig. 3). Due to the 
flexibility of the plasma channel the foot point on the 
tool surface will jump in the flow direction and the 
length of the plasma channel is reduced immediately, 
which influences the discharge voltage again. Finally it 
is assumed that the jumping of plasma channel foot 
points lead to the oscillating discharge voltage at high 
flow rates. 
The decrease in electrode wear is assumed as a result 
of better cooling behaviour at higher flow rates. The 
heat, occurring during the discharge and leading to wear 
is removed faster at higher flow rates. 
The experiments have shown, that there is a direct 
support of the flow rate in removal of the molten 
material near the discharge zone, see Fig. 6. At a low 
flow rate molten material is found at the bottom section, 
the intersection and a small amount at the edge of the 
hole. At a flow rate of 10 l/h a directional re-
solidification is already observed in the flow direction. 
This indicates that the liquefied molten material is 
pushed by the dielectric in the flow direction and re-
solidifies at a position close to the discharge area. At a 
flow rate of 10 l/h a nearly closed layer of re-solidified 
material is found on the bottom. This layer is getting 
thinner at higher flow rates and at a flow rate of 25 l/h 
almost no re-solidified layer is found at the bottom and 
the intersection. For the first time it is shown, that the 
flow rate has a direct influence of the removed material 
in the narrow gap. 
At higher flow rates the surface parameters become 
slightly worse. On the one hand it is believed that the re-
solidified material on the surface lead to smoother 
surface parameters and if the liquefied material is 
removed completely these parameters getting worth. On 
the other hand it is believed that an additional effect – a 
hydraulic pressure leads to a poor surface quality. 
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